Improving the nutritional content of public school meals is a topic of intense policy interest. A main motivation is the health of school children, and, in particular, the rising childhood obesity rate. Medical and nutrition literature has long argued that a healthy diet can have a second important impact: improved cognitive function. In this paper, we test whether offering healthier lunches affects student achievement as measured by test scores. Our sample includes all California (CA) public schools over a five-year period. We estimate difference-in-difference style regressions using variation that takes advantage of frequent lunch vendor contract turnover. Students at schools that contract with a healthy school lunch vendor score higher on CA state achievement tests, with larger test score increases for students who are eligible for reduced price or free school lunches. We do not find any evidence that healthier school lunches lead to a decrease in obesity rates.
Introduction
Improving the nutritional content of public school meals in the United States (US) is a topic of intense policy interest (Confessore [2014] ). A primary motivation underlying these nutritional improvements is to increase student health and reduce childhood obesity rates. A question of comparable import, however, is whether healthier meals affect student achievement. Recent research demonstrates that the provision of subsidized school meals can significantly increase school test scores (Figlio and Winicki [2005] ; Dotter [2014] ; Imberman and Kugler [2014] ; Frisvold [2015] ), but to date little evidence exists on how the quality of school meals affects student achievement.
To determine whether the quality of school meals affects student achievement, we exploit longitudinal variation in California school districts' meal vendors and estimate difference-in-differences type specifications. We combine two principal data sets from the California Department of Education, one covering breakfast and lunch vendors at the school level and the other containing school-by-grade-level standardized test results. Our five-year panel dataset includes all CA public elementary, middle, and high schools with non-missing state test score data (about 9,700 schools). For each California public school, we observe whether the district in which the school is located had an outside contract with a meal provider for the school year, and, if so, the name of the provider and the type of contract. The vast majority of schools provide meals using "in-house" staff, but a significant and growing fraction (approximately 12%) contract with outside vendors to provide meals. Crucially for our research design, there is substantial turnover in vendors at the school district level during our sample period.
A central obstacle in estimating the effects of healthy meal vendors on academic performance is accurate measurement of nutritional quality. We measure the nutritional quality of vendor school lunches using a modified version of the Healthy Eating Index (HEI). The HEI is a continuous score ranging from 0 to 100 that uses a well-established food component analysis to determine how well food offerings (or diets) match the Dietary Guidelines for Americans (e.g., Guenther et al. [2013b] ). HEI is the measure of diet quality preferred by the United States Department of Agriculture (USDA) (USDA [2006] ) and has previously been used by researchers to evaluate menus at fast-food restaurants and child-care centers. We contracted with trained nutritionists at the Nutrition Policy Institute to calculate vendor HEI scores for this project.
1 Using their scores, we classify a vendor as healthy if its HEI score is above the median score among all vendors in our sample and as standard otherwise.
We find that contracting with a healthy meal vendor increases test scores by 0.03 to 0.04 standard deviations relative to in-school meal provision, after conditioning on school-by-grade and year fixed effects. This result is highly significant and robust to the inclusion or exclusion of our time-varying covariates.
When estimating effects separately for economically disadvantaged and nondisadvantaged students, we find modest evidence that the effect of contracting with a healthy vendor is larger for economically disadvantaged students than for non-disadvantaged students. There is no evidence that contracting with a standard vendor affects test scores.
To test whether differential trends in test scores between schools that contract with healthy vendors and other schools drive our results, we conduct a series of tests in which we code a "placebo" treatment that activates one year prior to the year in which a school actually contracts with a healthy vendor.
We find that the coefficient on the placebo treatment is close to zero (about 0.01 standard deviations) and statistically insignificant, implying that test scores are not trending differently prior to the year of the contract for schools that contract with healthy vendors. We also conduct a series of falsification tests in which we use our time-varying covariates as dependent variables. We find that changes in observable characteristics of schools are uncorrelated with new vendor contracts.
Although our estimated effects of 0.03 to 0.04 standard deviations are modest on an absolute scale, they are highly cost-effective for a human capital investment. We calculate a plausible upper bound on the cost of contracting with a healthy lunch provider, relative to in-house meal preparation, of approximately $80 (2013 $) per test-taker per school year. Using our preferred estimate of 0.031 standard deviations, this result implies that it costs (at most) $26 per year to raise a student's test score by 0.01 standard deviations. Despite assuming high costs, the cost effectiveness of contracting with healthy vendors matches the most cost-effective policies highlighted by Jacob and Rockoff [2011] , and it compares very favorably when measured against interventions that achieve larger absolute effects, such as the Tennessee STAR class size reduction experiment (Krueger [1999] ).
Background and Data

Related Literature
There is a large medical and nutrition literature examining the link between diet and cognitive development, and between diet and cognitive function (e.g., Bryan et al. [2004] ; Sorhaindo and Feinstein [2006] ; Gomez-Pinilla [2008] ; Nandi et al. [2015] ). Sorhaindo and Feinstein [2006] review existing research on the link between child nutrition and academic achievement and highlight how nutrition can affect learning through three channels: physical development (e.g., sight), cognition (e.g., concentration, memory), and behavior (e.g., hyperactivity). Gomez-Pinilla [2008] outlines some of the biological mechanisms regarding how both an increase in calories and an improvement in diet quality and nutrient composition can affect cognition. For example, "diets that are high in saturated fat are becoming notorious for reducing molecular substrates that support cognitive processing and increasing the risk of neurological dysfunction in both humans and animals" (Gomez-Pinilla [2008] , p569). Most of the direct evidence on how nutrition affects academic achievement among school-age children comes from studies of children in developing countries (Alderman et al. [2007] and Glewwe and Miguel [2008] provide reviews). Frisvold [2015] ), while others find no effect (e.g., Leos-Urbel et al. [2013] ; Schanzenbach and Zaki [2014] ). In all of these studies, the main hypothesized channel between the increased take-up of the school breakfast and lunch programs and test scores is an increase in calories consumed. The NSLP may also have broadly increased educational attainment by inducing children to attend school (Hinrichs [2010] ).
Our paper focuses on the nutritional quality of the calories provided. We are aware of just one other study that estimates the effect of food quality on academic test scores. Belot and James [2011] estimate the effect of introducing a new, healthier school lunch menu in 80 schools during the same academic year in one borough in London, as compared to schools in a neighboring borough.
The authors estimate a positive effect on test scores for elementary school students, but, oddly, find that the effect is larger for higher socioeconomic students who do not qualify for reduced price or free school lunch.
Relative to Belot and James [2011] , we provide evidence from a much larger sample that includes all CA public schools (roughly 9,700 schools), of which 1,188 contract with an outside lunch provider. Our estimation approach uses within-grade and school variation in the introduction and removal of healthy and standard lunch providers that occurs in each of the five years of our panel. 
Data Sources
The data for this project come from the State of California Department of Education. We use information on school-level breakfast and lunch vendors, and school-by-grade-level standardized test results. We describe each type of information in detail below.
Vendor Data
The vendor meal contract information is provided by the California Department of Education for the school years 2008-2009 to 2012-2013. 2 All food vendor contracts with public (K-12) schools in California must be approved by the CA Department of Education. The CA Department of Education retains a list of the schools that contract with an outside meal provider for each school year, the name of the provider, and the type of contract. A total of 143 school districts covering 1,188 schools contracted with a total of 45 different vendors during our sample period. We merged the food vendor contract information with the list of all public schools (including charter schools) operating in CA during this time period to create our estimation panel. Overall, 12% of CA public schools contracted for at least one academic year with an outside company to provide school lunch.
2 The data were received as part of an official information request. We thank Rochelle Crossen for her assistance in facilitating the request and in interpreting the data. Contract information for school years prior to [2008] [2009] was not retained when the CA Department of Education switched computer database systems.
Appendix Table A1 lists the 45 vendors and the percent of students served by each vendor (conditional on being served by any vendor). For each vendor, we first calculate the number of (STAR) test-takers in districts that are being served by that vendor. This vendor-level total is then divided by the total number of test-takers being served by outside vendors. A single vendor serves just over 50% of the students. Altogether, the vendors with the ten largest student test-taker market shares serve 97.5% of CA students enrolled in schools that contract with outside school lunch providers.
Nearly all of the contracts (94%) are signed in the summer and cover the entire academic school year. of the contract-grade years. We do not distinguish between the four types of 3 A small number of contracts cover less than the complete school year. These contracts correspond to the calendar year and thus cover only a fraction of the school year (AugustDecember or January-June). Estimation results are insensitive to the inclusion of these contracts in our sample.
contracts in the main analysis of the paper and, unless otherwise specified, we refer to all such companies as "vendors."
Detailed vendor contract information is available for a subset of the contracts. Contract details include meals provided (either lunch or both breakfast and lunch), the dollar value of the contract, the number of other contract bidders (if any), the names of the companies which bid for the contract and were not selected, the dollar value of losing contracts, and the method by which the contract bids were solicited (i.e., sealed bid or negotiation). In the main analysis, we do not distinguish between vendors that provide both lunch and breakfast and those that provide only lunch, as this information is only available for a minority of the contracts. 4 We use the contract bid information to help construct counterfactual estimates for the cost to improve state test scores by contracting with healthy lunch providers.
The nutritional quality of the vendor school lunches is assessed using the Healthy Eating Index (HEI). The HEI is the US Department of Agriculture's (USDA) preferred measure of diet quality (USDA [2006] ), and the USDA uses it to "examine relationships between diet and health-related outcomes, and to assess the quality of food assistance packages, menus, and the US food supply"
(USDA [2016] ). HEI has been used by researchers to assess both individual diets (e.g., Volpe and Okrent [2012] ; Guenther et al. [2013a] ) and the diets 4 The contract details are not available for all contracts for two reasons. First, school districts are only required to provide contract details to the state for the first year of a new contract. A contract can be renewed up to four times without having to issue a new contract. Second, school officials enter the contract information via a software program that electronically stores the data in the CA Department of Education database. In practice, many of the data fields are missing for most of the new contracts. This is because, until recently, the CA Department of Education didn't have the staff to review the contract price and bid data entered into the system. of subpopulations (e.g., Hurley et al. [2009] ; Manios et al. [2009] ), as well as food offerings at fast food restaurants (e.g., Reedy et al. [2010] ) and child-care centers (e.g., Erinosho et al. [2013] ). The HEI scores range from 0 to 100, with higher scores representing healthier diets (or food offerings). Scores are calculated via a food component analysis done on a per calorie basis (Guenther et al. [2013b] In preparing their analysis, the nutritionists assumed that all vendors met the baseline USDA requirements, as they are obligated by law to do so. They also assumed that the average meal contains 650 calories, and they matched food items to foods available in the USDA food database. The classification of vendors as healthy or standard was not sensitive to any of these choices.
results. While no classification system is perfect, it is notable that misclassifying healthy vendors as standard, and vice versa, will only attenuate our estimates.
Academic Test Data and Covariates
To measure academic achievement, we use California's Standardized Testing and Reporting (STAR) test data. The STAR test is administered to all students in grades 2 through 11 each spring, toward the end of the academic year.
The publicly available test scores are aggregated at the grade-by-school level.
We use test score data from 1998 through 2013. Beginning with the 2013-14 school year, STAR testing was replaced with the California Assessment of Student Performance and Progress test.
The STAR test includes four core subject area tests (English/Language Arts, Mathematics, History/Social Sciences, and Science) and a set of end-ofcourse examinations (e.g., Algebra II, Biology). We create a composite test score each year for each school-grade by calculating the average test score across all of the STAR subjects and the end-of-course tests taken by students in a particular grade in each school. We use the standard deviation of each test (which differs by grade and year of test) to standardize each subject and end-of-course test score before combining the scores into a single composite score.
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Average test scores are also available separately for students who qualify for reduced price and/or free school lunch under the NSLP. A student is eligible for a free school lunch if his family's income is less than 130% of the poverty level, and a reduced price lunch if her family's income is between 130% and 185% of the poverty level. The CA Department of Education refers to these students as "economically disadvantaged" (California Department of Education [2011], p. 48). Students eligible for the reduced price or free lunches are more likely to eat the lunch offered at the school, for two reasons: the price is lower for them than it is for ineligible students, and eligible students are less likely to have other lunch options. Furthermore, the nutritional quality of their homeprovided meals may be lower than that of the average student. Thus, we hypothesize that the academic benefit of having healthier school lunches may be larger for these students.
Finally, district-level demographic and socioeconomic information is available from the California Department of Education, including enrollment by race, enrollment in English learner programs (i.e., English as a second language), and the number of enrolled students who are economically disadvantaged, as defined by eligibility for free or reduced price lunches. We use this information to control for time-varying differences within schools in our main econometric model.
Empirical Specification
Our main empirical specification is a panel regression model.
The dependent variable y gst is the mean STAR test score across all tests for grade g in school s in year t. The dependent variable is measured in STAR test standard deviation units.
Our independent variables of interest are indicators for whether a student test-taker is exposed to a standard or healthy outside lunch provider. Recall that a provider is classified as healthy if its HEI score is above the median score among providers. The variable Healthy st equals one if school s contracts with a healthy outside lunch provider in year t and zero otherwise. The variable Standard st equals one if school s contracts with a standard outside lunch provider in year t and zero otherwise. The "omitted" category for our treatment indicators corresponds to the case in which the school does not contract with an outside lunch provider. In this case the school's employees (i.e., cafeteria workers) both prepare and serve the lunches.
The model includes school-by-grade (λ gs ) and year (γ t ) fixed effects. The school-by-grade fixed effects control for any characteristics in a given grade and school that are stable throughout the five-year estimation period (e.g., school catchment area characteristics, school infrastructure, STAR test differences by grade, or school staffing levels and leadership Most specifications of the model also include X st , a vector of district-level control variables that vary over time. These control variables include the racial composition of students in the district to which school s belongs, the proportion of students in English learner programs, and the proportion of economically disadvantaged students. Because the decision to contract with a lunch vendor (whether healthy or standard) almost always occurs at the district level, as opposed to the individual school level, it is sufficient to control for district-level covariates that may be correlated with this decision.
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Because a contract usually covers all schools in a district, we estimate Equation (1) with standard errors clustered at the school district level. Our preferred specification uses the number of test-takers for each grade-schoolyear observation as weights in the regression. Weighting by the number of test-takers allows us to recover the relationship between the type of school lunch served and academic performance as measured by the STAR test for the average student, rather than the average school.
The identifying assumption is that, after controlling for time-invariant school-by-grade factors, common state factors, and the vector of time-varying, school-level characteristics, a school's decision to contract with an outside vendor for school lunch provision is uncorrelated with other school-specific, time-varying factors that affect student test performance. If this is true, then we can interpret the estimate for δ H (and δ S ) as the causal effect of contracting with a healthy (or standard) school lunch provider on student learning, as measured by performance on the STAR test.
Results
Vendor Choice and Test-Taker Characteristics
Appendix Table A2 shows mean test-taker socioeconomic and racial charac- All School sample, the average district mean is then calculated separately for districts that contract with a vendor (Column 1) and do not contract with a vendor (Column 2) during our panel (2009) (2010) (2011) (2012) (2013) . Column (3) calculates the difference in means and reports the standard error for this difference (in parentheses). The means are statistically different from each other at the 5% level for five of the six characteristics. For example, districts that contract with a vendor during our sample period tend to have fewer economically disadvantaged students and a higher proportion of Asian students.
Appendix We interpret these results as initial evidence that changes in test-taker characteristics are uncorrelated with the timing of when a school contracts with a lunch provider. Section 5 considers several additional tests of the validity of our identifying assumption. Table 2 shows estimation results for the effect of vendor quality on STAR scores. The first three columns estimate versions of Equation (1) on the All School sample, while the last three columns use the Contract School sample.
Vendor Choice and Test Scores
Column (1) estimates the effect of contracting with a standard or healthy lunch vendor on test scores and includes school and year fixed effects as controls.
Column (2) adds school-by-grade fixed effects, while Column (3) adds the vector of student test-taker characteristics. The point estimate of the effect of having a healthy vendor on test scores, relative to no outside vendor, is 0.031 standard deviations and is statistically significant at the 0.1% level in each of the three specifications. Moreover, we are able to reject the null hypothesis that the coefficients for the healthy and standard vendors are equal at the 10% level for each specification. The estimate for a standard vendor is an order of magnitude smaller and not statistically different from zero in any specification.
The estimates for a healthy vendor from the Contract School sample are also statistically significant at the 0.1% level and are similar to those estimated with the All School sample (ranging from 0.033 to 0.037). The estimates for the standard vendor are again an order of magnitude smaller and not statistically significant.
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The fact that we observe very similar point estimates for the vendor coefficients in Columns (2) and (3) (and Columns (5) and (6)) is consistent with the conclusion from Table 1 . If student characteristics were important in predicting when a school contracts with an outside vendor, then the coefficients in Table 1 would be statistically significant and the vendor estimates in Table 2 would likely differ between specifications with and without these controls. Table 3 investigates whether the effect of contracting with a lunch provider on STAR scores is different for economically disadvantaged and economically advantaged students. Recall that economically disadvantaged students are defined by the CA Department of Education as those students who qualify for reduced price and/or free school lunch under the NSLP based on family income. We expect that disadvantaged students would be more likely to eat a school lunch than their classmates who do not qualify for reduced price or free school lunch. Thus, we hypothesize that the effect on test scores of healthy school lunch vendors should be somewhat greater for disadvantaged students than for students who do not qualify for reduced price or free school lunch. Table 3 shows evidence consistent with this hypothesis. 11 Column (1) of Table 3 estimates the effect of contracting with a lunch vendor on the average test score for economically disadvantaged students. Column (2) estimates the effect on the average test scores for economically advantaged students, while Column (3) estimates the effect for all students. The point estimates for contracting with a healthy vendor are about 40 to 50% larger for the disadvantaged students in both samples. In the All School sample the estimated coefficients are 0.035 and 0.025 respectively, while in the Contract School sample they are 0.046 and 0.030 respectively. There is again no evidence that a standard vendor has a statistically significant effect on test scores relative to having the meals completely prepared by school staff.
11 Due to privacy restrictions, the CA Department of Education releases the average test score (for a school-grade-year-subgroup) only if there are at least 10 students of the particular socioeconomic group who take the test. There is a 25% reduction in the size of the sample due to these sample restrictions. Table 1 presented initial evidence that changes in test-taker characteristics are uncorrelated with the timing of when a school contracts with a lunch provider.
Robustness Checks
In this section, we further test the validity of our identifying assumption that a school's decision to contract with an outside vendor for school lunch provision is uncorrelated with other school-specific, time-varying factors that affect student test performance.
Equation (2) is an event-study model that tests whether there is a correlation between test scores and contracting with a vendor in years before the vendor contract begins and in years after the vendor contract ends. There are two caveats to the analysis in Figure 1 . First, the event study coefficients toward the ends of our panel are imprecisely estimated because there are fewer observations to identify these coefficients. 15 We address this concern by also estimating a model that pools the event time coefficients. Second, we do not know whether a school contracted with a vendor in the years before our five-year panel begins. This could attenuate our estimates if there are delayed 13 The post-event coefficients in the figure compare the counterfactual of a contract that remains in effect indefinitely to one in which there is no contract; e.g., at τ = 2 we plot δ 0 H +δ 2 H . This aligns the figure with a standard event study figure in which the policy always remains in effect following the event.
14 As a comparison, the estimate of the effect on test scores for the year of a healthy vendor contract from Equation (1) on the same sample is 0.031 (Column (3) of Table 2 ).
15 For example, the indicator for four years before a vendor contract can equal one only if a school contracted with a vendor in the last year of our panel. By contrast, an indicator for one year after a vendor contract ends could equal one for four of the five years in our panel.
impacts in the test score effect that appear several years after contracts begin, because the model would incorrectly assume zero treatment effect in the prevendor years. 16 We conclude that this is unlikely to be a concern, however, because our event study finds no evidence of delayed impacts. Table 2 , Column (3). Columns (1) and (2) of Table 4 alter how we define a healthy vendor. Column (1) uses a second, slightly different, scoring method where the HEI score is supplemented by awarding additional points for healthy options that exceeded USDA requirements (e.g., salad bars) and subtracting points for unhealthy options (e.g., fast foods, certain processed foods, and high-sugar foods). The definition of a healthy vendor remains the same -one that receives a score above the median. The coefficient estimates for both the healthy and standard vendors are similar to those in the baseline model.
Column (2) uses the same HEI scores as the baseline model, but considers the scores as a continuous variable. Specifically, the model is adjusted to include an indicator variable for having a vendor with a known HEI score (rather than separate healthy and standard indicators) and an HEI score variable (divided by 100). The HEI score variable is zero if the school does not contract with a vendor that has a known HEI score, and we recenter the HEI score so 16 For example, Gallagher [2014] examines the effect on the take-up of flood insurance after a community is flooded, using a model similar to Equation (2). He shows that the estimate for flood insurance take-up in the year of a flood is about 20% lower if the model fails to control for the lagged effect of a flood that occurred before the panel period. Column (3) controls for district-level school expenditures and studentteacher ratios. The expenditure and student-teacher ratio data come from the CA Department of Education and are only available at the district level.
We convert the expenditure data to thousands of dollars (2013 $) per average daily student attendance. We view the expenditure and student-teacher ratio variables as proxies for whether there were additional school policy changes that occurred at the same time as the lunch vendor decisions. The estimated coefficients for healthy and standard lunch providers in Column (3) are very similar to those without the expenditure and student-teacher controls (Column (3) of Table 2 ). Neither the expenditure nor student-teacher coefficient is statistically significant, and in separate regressions we also find no statistically or economically significant relationship between either measure and healthy vendor adoption.
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Column (4) reports a specification in which we aggregate the data to the district-by-year level, since the variation in vendor quality occurs almost exclusively at the district level. The estimated marginal effect of a healthy vendor on test scores is similar to that from our baseline specification.
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Column (5) of Table 4 considers a placebo test where we incorrectly consider the year before a vendor contract as the year of a contract (Currie et al.
[2010]). We define healthy placebo (standard placebo) as equal to one if the school contracts with a healthy (standard) vendor in the following year. The estimated coefficients for both vendor placebos are close to zero and not statistically different from zero after controlling for the actual vendor years. There is no evidence that test scores begin to rise in the year before a school contracts with a vendor.
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We also consider a second event-study style placebo test where we separately estimate the correlation between test scores and panel years without a vendor. The econometric model is similar to Equation (2), except that we define τ > 0 as years after ending a contract. In this specification, the τ = 0 event study coefficient, δ τ =0 H , is averaged across all years with a healthy vendor. If our model is correctly specified, we would only expect to measure a correlation between test scores and a vendor contract for healthy vendors when τ = 0.
20 Appendix Figure A1 shows that this is indeed the case. All of the estimates for the standard vendor coefficients are economically small and statistically insignificant. The same is true for the healthy vendor coefficients, except during years when a school contracts with a vendor (τ = 0); in those years we estimate a statistically significant effect of 0.030.
Columns (6) considers the sub-sample of schools from the Contract Sample that ever contracted with a standard vendor. As in the contract sample, this sample excludes schools that never had an outside vendor and further restricts the sample by excluding schools whose only outside vendors have been categorized as healthy (or unknown quality). Notably, the healthy vendor coefficient is estimated on a smaller sample of schools, only a fraction of which ever contract with both a standard and a healthy vendor. Nevertheless, the point estimate, while not statistically significant, is very similar to the estimate from the larger All School and Contract School samples. The similarity in the coefficient estimates across the three samples provides further evidence that our results are not driven by differential trends in test scores among the schools that contract with a healthy vendor.
20 One potential exception is that we might expect the estimates for the healthy vendor to be positive when τ > 0 if there is a "carry-over" effect on learning in years after the cancellation of a healthy vendor contract. Previous research has shown that the source of a student's school lunch can affect obesity rates. Schanzenbach [2009] provides evidence that public school lunches have contributed to increases in childhood obesity rates. Students who are more likely to consume public school lunches, rather than other options such as bringing a brown-bag lunch, gain more weight. Currie et al. [2010] estimate that less than one academic year of exposure to fast-food restaurants near schools increases obesity rates for 9th grade students by about 5%. Currie et al. [2010] and Cutler et al. [2003] both emphasize that large increases in obesity rates could occur from as few as 100 excess calories per day.
We use the same source of physical fitness information as Currie et al. [2010] to test whether exposure to healthier school lunch options decreases student obesity. The Physical Fitness Test (PFT), also called FitnessGram , is given to students in grades 5, 7, and 9 each spring in California. Six fitness areas compose the PFT, one of which is body composition. Schools have the option to complete the body composition portion using one of three measures: Body Mass Index (BMI), skin fold measurements, or bioelectric impedance analyzer.
For each of these measurements, there is a defined "healthy zone" that varies by age and gender. The data are aggregated by school and grade level and indicate the percentage of students who have a body composition measurement in the healthy fitness zone. Following Currie et al. [2010] , we define overweight as the percentage of students falling outside the healthy zone.
We do not find any evidence that contracting with a healthy lunch provider reduces the percentage of overweight students. We estimate Equation (1), except that we use the percentage of students who are outside the healthy fitness zone (whom we label as "overweight") as the dependent variable and restrict the sample to grades 5, 7, and 9.
21 Columns (1) and (2) of Table 5 show estimation results for all students and economically disadvantaged students, respectively. On average, 38.6% of the students (41.7% of disadvantaged students) in our sample are overweight. All four point estimates in Columns (1) and (2) are small and statistically insignificant. However, a lack of precision prohibits us from excluding an effect size as large as that found by Currie et al.
[2010] (5.2%) for all but one of the coefficient estimates (All Students, Healthy Vendor).
Number of Lunches Served
The 
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Columns (3) and (4) of Table 5 report the impact of contracting with healthy and standard vendors on the number of daily lunches served per student. Column (3) estimates the effects on total lunches, while Column (4) estimates the effects on reduced price and/or free lunches. These regressions are run with observations at the level of district-year, rather than schoolgrade-year, because data on lunch purchases is only available aggregated at the district level. This constraint imposes minimal cost, however, because the treatment only varies at the district-year level. The dependent variable is the 22 We provide details of this calculation in the Appendix.
number of daily lunches sold per student (in Column (4), we only consider the number of reduced price and/or free lunches and the number of economically disadvantaged students). We do not find a significant effect of contracting with a healthy or standard vendor on the total number of lunches or the number of free and reduced price lunches. For example, the estimated coefficients for contracting with a healthy or a standard vendor in Column (3) are of a similar magnitude and imply a statistically insignificant reduction in the number of school lunches of approximately 10% (the sample mean of the dependent variable is 0.45).
The fact that disadvantaged students do not purchase more school lunches when the school contracts with a vendor supports the interpretation that the observed increase in test scores is due to the quality and not the quantity of school lunch meals consumed. At the same time, these findings help allay concerns that healthier lunches may actually lead to a reduction in the number of lunches served to students.
Policy Counterfactual
Public school administrators interested in improving the level of student learning and increasing test scores face decisions on how best to budget limited school resources. There are many potential changes in school policy that could improve learning. For example, school administrators could hire more teachers to decrease average classroom size (Krueger [1999] ), lengthen the school day (Patall et al. [2010] ), increase teacher training (Angrist and Lavy [2001] ), give bonus pay to teachers based on student test scores (Fryer [2011] ), or increase student access to free or reduced price breakfast and lunch (Imberman and Kugler [2014] ).
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Policies that direct resources toward teachers have been found to have a relatively large impact on student test scores in some settings. The Tennessee STAR experiment, which reduced average class size for primary school students by one-third and led to a 0.22 standard deviation test score increase, is a frequently cited benchmark. Nevertheless, these types of policies are often expensive and can be controversial (e.g., incentive pay). The Tennessee STAR experiment cost approximately $25 million (2013 $), with an implied cost of $3,009 (2013 $) per student placed in a smaller class. 24 Jacob and Rockoff
[2011] highlight both the need and opportunity for cost-effective policies; lowercost policies with modest effects on student test scores may generate a better return than costly policies with larger absolute effects.
We take advantage of contract-specific winner and loser bid information submitted to the CA Department of Education to calculate the cost of contracting with healthy lunch providers. The average price per lunch in healthy meal vendor contracts is $2.45. This is close to the National School Lunch
Program reimbursement rate of $2.93 per free lunch, suggesting that healthy school meal vendors do not cost dramatically more than in-house preparation.
To compute a plausible upper bound on the cost of increasing test scores via healthy school meal vendors, we assume that healthy school meal vendors cost 25% more than in-house preparation. This assumption implies that the av-erage school makes a net profit of 33% on its school meal operations when reimbursed by the NSLP. A profit margin of this size or larger is unlikely because the NSLP specifically forbids the use of these revenues to fund non-food service operations (GPO, 7 CFR, Section 210.14(a)).
The average healthy vendor meal contract is $400 (2013 $) per test-taker per school year. Over the 180 day academic year, a healthy school meal contract costs about $2.22 per test-taker day (this figure is lower than the $2.45 meal cost because not every test taker eats a school meal). We assume that the contract is 25% more expensive than in-house meal preparation, implying a difference of $80 per test-taker per school year. To compare cost effectiveness we consider the dollar cost per 0.1 standard deviations of test score gains.
This normalization does not imply that we can achieve a full 0.1 standard deviation increase with any given policy, including healthy vendor contracts.
Rather, we recognize that policymakers have a menu of policies available for increasing test scores, and an optimizing policymaker will choose the combination of policies that yields a 0.1 standard deviation test score increase at the lowest possible cost.
Using a cost difference of $80 per test-taker per school year and an estimated effect of 0.031 standard deviations (Column (3) of Table 2 ), we find that it would cost about $258 per year to raise a student's test score by 0.1 standard deviations through switching from in-house preparation to a healthy lunch provider. In contrast, it cost $1,368 per year to raise a student's test score by 0.1 standard deviations in the Tennessee STAR experiment. Thus, even the upper bound on the cost of raising test scores by 0.1 standard devia-tions through healthy meals is many times lower than the comparable observed cost in Tennessee STAR.
Conclusion
We exploit variation in the nutritional quality of school meals resulting from changes in meal providers to estimate the effect of nutritional quality on the academic performance of primary and secondary school students across the state of California. Using difference-in-differences type specifications, we find that switching to a healthy meal vendor is associated with a 0.031 standard deviation increase in test scores. While this effect is modest in magnitude, the relatively low cost of healthy vendors when compared to in-house meal preparation makes this a very cost-effective way to raise test scores.
We conduct a variety of robustness checks, including placebo tests and an event-study specification, to provide evidence that the timing of changes in meal providers is uncorrelated with omitted variables that could be driving changes in test scores. There is also no evidence that the introduction of healthier school lunches led to a change in the number of school lunches consumed. This supports our view that the observed relationship between healthier school lunches and test scores is due to the nutritional quality of the meals rather than the quantity of calories consumed. An analysis of the effects of healthy meal vendors on the percentage of students who are overweight finds no effect, but it is possible that these effects could occur on a longer time horizon. Notes: This figure depicts point estimates for treatment leads and lags with their corresponding 95% confidence intervals. Negative event time years are for years prior to having a vendor. Positive event time years are for years after the vendor contract begins (assuming that it continues). The point estimates come from a weighted regression of Equation 2 using the number of test-takers per observation as weights and can be interpreted relative to having no vendor and relative to the year before a vendor. The event time period -3 (3) is pooled to include both period -3 and -4 (3 and 4) to improve precision. The regression includes the same control variables as Table 2 , Column (3). Standard errors are clustered at the school district level. Notes: This figure depicts point estimates for treatment leads and lags with their corresponding 95% confidence intervals. Negative event time years are for years prior to having a vendor. Positive event time years are for years after the vendor contract begins (assuming that it continues). The point estimates come from a weighted regression of Equation 2 using the number of test-takers per observation as weights and can be interpreted relative to having no vendor and relative to the year before a vendor. The event time period -3 (3) is pooled to include both period -3 and -4 (3 and 4) to improve precision. The regression includes the same control variables as Table 2 , Column (3). Standard errors are clustered at the school district level. Observations are at the school-grade-year level. Standard errors clustered at the school district level appear in parentheses. All regressions include year and school-by-grade fixed effects. The contract school sample is the subset of schools that contract with a vendor at some point during our sample. * p < 0.05, ** p < 0.01, *** p < 0.001 Notes: Each column represents a separate weighted regression with weights equal to the number of test takers per observation. All regressions are estimated on a common sample that excludes observations with missing covariates. Observations are at the school-grade-year level. Standard errors clustered at the school district level appear in parentheses. All regressions include year fixed effects and school fixed effects (unless school-by-grade fixed effects are specified). The contract school sample is the subset of schools that contract with a vendor at some point during our sample. * p < 0.05, ** p < 0.01, *** p < 0.001
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Notes: Each column represents a separate weighted regression with weights equal to the number of test takers per observation. To construct the HEI Score regressor we subtract the mean standard vendor score (56) from HEI Score and rescale it by 1/100 (we also set the variable to zero for unscored vendors and schools with no vendors). Observations are at the school-grade-year level or, in Column (4), district-year level. Standard errors clustered at the school district level appear in parentheses. All regressions include year and school-by-grade (or, in Column (4), district) fixed effects and district-level demographic covariates. * p < 0.05, ** p < 0.01, *** p < 0.001 (1) and (2) is the percentage of students who are overweight. Observations are at the school-grade-year level and the weights are equal to the number of physical fitness test takers. The dependent variable in Columns (3) and (4) is the number of school lunches sold. Observations are at the school district-year level and weights are the total student enrollment in the district. The first two regressions include school-by-grade fixed effects, while the latter two include district fixed effects. All regressions include year fixed effects and district-level covariates. Standard errors clustered at the school district level appear in parentheses. * p < 0.05, ** p < 0.01, *** p < 0.001 9 Appendix
Calculation of vendor HEI scores
Nutritionists at the Berkeley Nutrition Policy Institute conducted an analysis of menus for those vendors for whom this information was available. A copy of the complete report can be found here: http://faculty.weatherhead. case.edu/jpg75/pdfs/Nutrition-Policy-Institute-July-2016.pdf The menus were scored using the Healthy Eating Index (HEI). The process to calculate the HEI for each vendor was the following:
1. Nutrition information was gathered from vendors. This process included obtaining the full menu of offerings and nutritional information by contacting vendors. When this information was not available, sample menus from client school districts (with or without nutritional information) were used.
2. In order to calculate HEI, it was necessary to match foods listed in vendor menus to USDA food codes.
(a) For vendors with nutritional information available, vendor foods were matched to USDA foods using the What's in the Foods You Eat online search tool
• Foods were first matched by names. Then, these matches were analyzed based on calories and fat content to determine how many USDA units corresponded to a vendor's portion.
• Units were calculated so that calories, total fat, and saturated fat matched within 20% difference.
-Entrees, meat/meat alternatives, and whole grain items were also matched by protein and fiber.
• A coding system was created to denote the quality of the match.
(b) For vendors without nutritional information, the number of total calories and other nutrients had to be imputed to determine the number of USDA units corresponding to a vendor's portion. In these cases, a number of methods were tested, which included using the average calories for other vendors and USDA defaults (e.g., the necessary amounts to meet USDA guidelines) (c) USDA HEI SAS macros were used to determine HEI scores (scoring system 1) 3. A supplemental scoring system was created to include additional food categories commonly found in school lunch menus. This method was reviewed by five nutrition experts.
4. The HEI and supplemental scores were combined to calculate alternative total scores (scoring system 2).
Calculation of average school lunches served
National School Lunch Program (NSLP) data were obtained from the California Department of Education's Nutrition Services Division for the school years 2008-2009 through 2012-2013 . The data report the average number of NSLP lunches served per operating day in each school district. Averages are calculated monthly, so in order to obtain an annual measure for the average number of lunches served per day, we multiply the monthly averages by the number of operating days in each month and sum the monthly totals. The months of June and July are excluded from the total because these months may correspond to summer lunch programs that are managed separately. The annual total is divided by the total number of operating days in the year, again excluding June and July, to calculate an annual average of lunches served per day. Lastly, we divide the number of lunches served per day by the total enrollment in the school district to eliminate changes in lunches served that are due only to changes in the number of enrolled students. Because we are interested in separately estimating the effect on economically disadvantaged students, we calculate averages for both total lunches served and free lunches. A student is eligible for a free school lunch if his family's income is less than 130% of the poverty level, and a reduced price lunch if her family's income is between 130% and 185% of the poverty level. The CA Department of Education refers to these students as "economically disadvantaged". Notes: This figure depicts point estimates for treatment leads and lags with their corresponding 95% confidence intervals. Negative event time years are for years prior to having a vendor. Positive event time years are for years after a vendor contract ends. The point estimates come from a weighted regression of Equation 2, except that the coefficients for τ > 0 are redefined to be years after the end of a contract. The event time period -3 (3) is pooled to include both period -3 and -4 (3 and 4) to improve precision. The regression includes the same control variables as Table 2 , Column (3). Standard errors are clustered at the school district level. Notes: Percentages are calculated by dividing the number of enrolled students in a given category by the total number of enrolled students in a district as reported by the California Department of Education. Standard errors reported in parentheses. The contract sample is the subset of districts that contract with any vendor at any point during our sample. * p < 0.10, ** p < 0.05, *** p < 0.01 Notes: Each column represents a separate regression estimated on a common sample that excludes observations with missing covariates.
Observations are at the school-grade-year level. Standard errors clustered at the school district level appear in parentheses. All regressions include school and year fixed effects. Regressions also include school fixed effects unless school-by-grade fixed effects are specified. The contract school sample is the subset of schools that contract with a vendor at some point during our sample. * p < 0.05, ** p < 0.01, *** p < 0.001
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